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Abstract: Four male sterility types have been described for Salvia sclarea. Three types of inbred 
lines have been characterized: those affected by inbreeding depression, not affected by depression 
and lines with new characters. Inbred lines with a high combining capacity have been selected. 
Different types of the hybrids developed manifest heterosis in F1 but their employment is not 
effective. Same of the hybrids produced manifest heterosis not only in F1 but in the F2-Fn 
generations. The hybrids that manifest heterosis for plant height, inflorescence length,  
inflorescence ramification number, essential oil content have been used to develop productive 
varieties of hybrid origin that ensure an increased inflorescence and essential oil production. The 
essential oil quality is guaranteed by an increased concentration of linalile acetate and sclareol. The 
sclareol concentration in the concrete produced from this cultivars makes 68-70 %.    
 
Introduction 
Salvia sclarea L., sage, has been known and used as a medicinal plant in 
phytotherapy since the antiquity. In folk medicine, sage flowers are used externally, 
for ulceration and edema. Inflorescences have an antispastic and anticatarrhal action 
(9, 12). The sedative, emanogog and anticolvulsive action is also mentioned for this 
species. Sage inflorescences have been proved to have a beneficial action in the 
treatment of cancer. The essential oil contained in inflorescences of the species 
accounts for all these qualities. The essential oil is also used in osteoarthrosis 
treatment and rheumatic arthritis (11). The oil is also used for manufacturing wines 
of Muscat type, aromatization of vermouth and. especially in perfumery where it is 
greatly appreciated for both its odorous qualities and as an excellent fixer (1). As a 
species widely cultivated in the Republic of Moldova on relatively large areas, it 
has started to be studied to develop new productive hybrids, varieties that are 
adapted to the pedoclimatic cultivation conditions in the zone. 
 
Materials and methods 
Salvia sclarea L. forms, genotypes, male sterility and inbred lines, simple, 
three lines, double; backcross and stepwise hybrids were used as biological 
material. The total experiments were carried out on the experimental field of the 
Institute of Genetics and Plant Physiology on common chernozem with a humus 
content of 2.8%. Wheat harversted for grain was a precursor of the sage. The 
sowing took place in autumn, in the second half of October. Phenological 
evaluations, examination of quantitative characters, determination of the resistance 
to wintering, drought, producing capacity studies, statistical analysis were 
performed according to the variety testing methods used by the State Commission 
for Plant Variety Testing of the Republic of Moldova. Hybridization, including 
inflorescence toilet, flower castration, pollination were conducted in the morning 
hours. The content of essential oil was measured three times per season through 
hydrodistillation in Ginsberg apparatus and recalculated for dry matter. The 
concrete was produced through extraction using „Soxhlet" type apparatus. Petrol 
ether was used as a solvent. The concentration of the major components in essential 
oil and concrete was evaluated using High Performance Liquid Chromatography 
(HPLC) at a Gilson type chromatographer: series 303 pump, 803C nanometric 
mode, injector 231, detector by the refraction indices RI 131, Kipp & Zonen 
recorder BD 41, integrator CI 100A (Prague) 150 x 3.5 mm at a mobile phase 
current rate of 0.7 ml/min and an operational pressure of 18 Bars. 
 
Results and discussion 
The investigation was carried out to develop new hybrids and varieties with 
an increased inflorescence and essential oil productivity (raw material), differing in 
industrial ripening dates, adapted to pedoclimatic conditions of the Republic of 
Moldova. In order to fulfill the aim, vast initial breeding material has been 
developed, characterized by valuable qualities that includes inbred and male sterility 
lines, the fertile lines that consolidate male sterility, hybrids of different types. 
Keeping this in mind, it was also necessary to study the consequences of inbreeding 
in Salvia sclarea L.; male sterility, its types and the frequency of male sterility form 
appearance; general and specific combining capacity of the parental forms selected 
for hybridization; manifestation of heterosis in different hybrid types, as well as 
effective methods of seed production. 
Four types of male sterility along with the plants with fertile flowers (Fig. l,a) 
have been found in the populations of the varieties cultivated in the Republic of 
Moldova (1), that differ by the flower morphological characters: 
Type I - a very short stamen filament, that is sedentary, colorless, 
interwaved, feeble, indéhiscent (Fig. l, b.), with completely sterile pollen; 
Type II - a normal length stamen filament, that is colourless, indéhiscent, has 
feeble anthers with completely sterile pollen (Fig. l, c.); 
Type III - not differing phenotypically from the Type II, but the anthers are 
dehiscent and the pollen is 30% to 35% fertile (Fig. l, c.); 
Type IV - the pistillate with the flowers lacking androcium, the gynaecium 
being represented not by a single style like in the flowers of dioecious plants but by 
several styles, thus, the flowers (plants) turning into monoecious ones (Fig. I, d). 
 
 
a – fertile flower; b – male sterile flower, type I; c – male sterile flower, type II, III; d – 
male sterile flower, type IV (pistillody). 1- peduncle, 2- calyx lobe, 3- upper labia of corolla, 4-
lower labia, 5-conectivă, 6-anther, 7-still, 8- bifurcate stigma.   
Figure 1. Salvia sclarea L. flower scheme  
 
The types I to III of male sterility have been found in the sage varieties 
cultivated in Crimea (6). The type IV - pistillody in Salvia sclarea has been found 
and described by us (1). In other plant species, pistilloidy results from distant 
hybridization while in sage, this phenomenon has been found in the variety 
populations not developed through hybridization. Pistillody is inherited through the 
maternal line (8). We can suppose that pistillody is a common phenomenon (like 
male sterility, in general) during the evolution from dioecious plants to monoecious 
ones and may be considered as a mechanism ensuring allogamous pollination. 
It has been found that the frequency of male sterile form appearance, as well 
as the type of male sterility is dependant on the genotype, though the number of 
plants of the type I male sterility reduces in droughty years. As a rule, the type I 
male sterility plants make from 2.6% to 10.3% in sage variety plantations. The 
investigation has demonstrated that fertility is maintained in offspring’s in the forms 
that consolidate male sterility and fertile offspring’s are produced in inverse 
hybridization among the fertile forms that consolidate male sterility and semi fertile 
forms (Type III), the latter ones being used as paternal forms. All these prove that 
the I to III type male sterility is transmitted through the maternal line and thus, is of 
cytoplasmic origin. 
Only type I male sterility forms are used as maternal forms in hybridization. 
Though complete sterile, the type II male sterility plants are not used since they do 
not differ visually from the type III in which 30-35% of microspores are fertile. 
Male sterility lines have been developed using type I male sterility forms from the 
populations of the V-24, S-1122 and Moldovenesc-69 cultivars. 
The lines that consolidate male sterility have been developed through a 
number of hybridizations between male sterility forms and inbred lines. Among the 
large number of inbreed lines, 19 were selected, that consolidate male sterility at the 
level of 100%. The same lines have appeared to act differently in relation to the 
male sterility form genotype. The male sterility is maintained (100%) from the first 
hybridization with some male sterility lines, while in the case of another male 
sterility line, the same inbred line provokes the appearance of 50% of Fl plants with 
the type I male sterility, the others 50% being of the types II and III. In the other 
case, an inbred line in combination with a certain male sterility line provokes 
appearance of F 1  plants with the type II and III of male sterility, while in 
combination with another male sterility form restores the fertility at the level of 
100%. Thus, a line (lines) that consolidates male sterility is developed for each line. 
Male sterility sage lines are more vigorous in all the generations that the 
inbred lines that consolidate the male sterility. 
The development of inbred lines (S1-S15)  has also been an important stage in 
the investigation carried out. Available cultivars, forms originated from European 
countries and mountainous regions of Central Asia have been used for this goal. 
Sage is an allogamous species, while inbreeding is well-known to be a method of 
initial breeding material development. The heterosis of an allogamous population is 
known to reduce variability to a medium value necessary for population adaptation 
to local pedoclimatic conditions. While ensuring liability constant, heterosis is, at 
the same time, the reason of the fact that phenotypical characters of a high number 
of individuals are accommodated optimally in the specific environment of 
population existence and a balanced situation is created where natural selection acts, 
thus, genetic homeostasis takes place. N.I.Vavilov believes that using inbreeding 
leads to discovery of the forms with recessive characters and to selection of those 
with sought characters. 
The inbred Salvia sclarea L. lines developed fall into three groups: those 
affected by degeneration through inbreeding, not affected by degeneration, and the 
lines, in which new characters appear as a result of inbreeding, which proves that 
inbreeding is a factor of morphogenesis, a source of new characters, some of them 
being very valuable for breeding. Degeneration is expressed, in the first place, 
through fertility reduction, inflorescence decrease and reduction of essential oil 
content from the insignificant values in some lines to 40-50% in others. Inbred lines 
not exposed to depression have appeared at the same time. Raw material and 
essential oil production are even higher than in the cultivars and forms from which 
they originate. This kind of lines with long inflorescences, a high number of 
ramification have been obtained from the varieties cultivated in the Republic of 
Moldova, as well as from the forms collected at altitudes of 1,800-2.000 m (1). The 
appearance of the lines with an increased content of essential oils (1.0-1.5%) and of 
the lines affected by depression for this character, as well as the lines with reduced 
fertility was observed in S2-S3. 
The lines that start blossoming and ripening simultaneously with the variety 
or form from which they originate, and the lines with a shorter or longer vegetation 
period have been also produced from the same variety used as an initial form. Lines 
with other new particular features that is not characteristic of the varieties, forms 
from which they originate or of the lines up to S2-S3 have been developed. Thus, 
lines with a higher degree of the resistance to wintering, the type I male sterility, 
very compact inflorescences but with the fertility of only 50%, low-height lines 
have appeared. Some lines differ also in corolla or bract color. From the typical 
two-year old initial forms that do not form floral stems in the first year of vegetation 
have been created the lines in which 60-80% of plants start blossoming in the first 
year. The frequency of the appearance of the lines possessing such valuable 
characters was higher in the Moldovenesc 69 cultivar. 
Thus, it can be concluded that in the case of inbreeding, the appearance of 
new characters, the degree of manifestation of degeneration or its absence depend 
on the genotype of the initial forms. The involvement of the prospective lines in 
hybridization programmer has contributed to the development of simple, three lines, 
double, stepwise hybrids and varieties of hybrid origin, which ensures production of 
raw material and essential oil in the first vegetation year, while the period of 
plantation exploitation extends from 2 to 3-4 years. 
The parental forms for hybridization have been screened on the basis of the 
following principles: vegetation period, producing capacity indices, physiological 
and biochemical particular features, homozygosis (uniformity), blossoming degree 
in the first vegetation year, general and specific combining capacity of lines. The 
assessment of general combining capacity value of the inbred lines expressed in a 
mean value of heterosis calculated in percent has been conducted in topcross 
hybridization using two testers. The cultivars registered in the Republic of 
Moldova, male sterility lines, male sterility hybrids were used as testers. The 
heterosis effect was calculated for the following productivity indices: plant height, 
inflorescence length, the number of first and second degree ramifications. In some 
cases, the heterosis effect was calculated for the number of calycle (flowers) per 
plant, essential oil content, vegetation duration. The specific combining capacity of 
the lines was also determined in concrete, irregular’s hybridization and productivity 
assessment. 
The lines possessing increased general combining capacity were selected as 
parental forms. The highest heterosis effect was registered for the ramification 
number (59-106%) and essential oil content (up to 123.6%). The majority of the 
lines studied are also characterized by high specific combining capacity, the 
heterosis for some indices being 96-132%. The heterosis effect is negative for the 
character of vegetation period in the majority of cases, which indicates that a shorter 
vegetation period is dominant in sage, as well as in other plant species. The majority 
of the simple hybrids developed in Fl manifest heterosis for the quantitative 
characters related to productivity and heterosis for essential oil content (table 1, 2). 
The setting of F1 hybrid seeds is very low on spatially isolated sectors. The 
production of Fl hybrid seeds does not exceed 50 kg/ha, which makes the utilization 
of these hybrids nonprofitable. Double hybrids have been developed to increase 
seed production, but these hybrids are not effective either for the same reason. The 
investigation carried out on a large number of hybrids demonstrated that along with 
the hybrids in which essential oil content dropped and heterosis effect decreased in 
the F2-Fn generations, there were hybrids in which the essential oil content increased 
considerably, while the heterosis manifestation was corroborated by the high indices 
of heterosis effect (1,2,3,4). 
Table 1. 
The heterosis effect for some quantitative characters of simple Fl  hybrids of 
Salvia sclarea, % in relation to parental forms 
 
Hybrid F1 
Plant height Inflorescence’s 
length 
Ramification of 
inflorescence, I+II 
order 
maternal 
form 
paternal 
form 
maternal 
form 
paternal 
form 
maternal 
form 
paterna
l form 
(813 S3 x O-33 S5) +1.6 +16.8 +17.7 +21.5 +14.3 +19.8 
(86 809 S3 x O-33 S5) +10.5 +29.9 +14.5 +19.8 +22.1 +18.9 
(691-80S3xO-36S5) +0.1 +27.6 +24.5 +63.5 +31.5 +57.1 
(691-80 S3 x O-34 S5) -0.2 +17.4 +27.8 +38.9 +9.5 +41.9 
(86 913 S3 x O-29 S6) +6.4 +16.0 +24.5 +34.7 31.8 +50.1 
       
Table 2.  
The heterosis of some simple Fl hybrids of S. sclarea for essential oil content 
Hybrid  Esenţial, oil content , % (dry mat.) Heterozis efect, % in relation to: 
X sX maternal form paternal form 
K-14 F1 0.860 0.11 + 32.1 +33.8 
K-43 F1 0.950 0.07 +57.8 +61.8 
K-15 F1 1.050 0.10 +39.9 +41.0 
K-36 F1 1.180 0.09 +65.4 +52.1 
K-45 F1 1.250 0.10 +105.0 +109.9 
K-47 F1 1.350 0.11 +110.0 +125.2 
 
Taking this into account, hybrid populations have been developed, in which 
seed production is similar to that of common cultivars, while their producing 
capacity is higher. Therefore, forms with remarcable quantitative characters, and, in 
the first place, with an increased content of essential oil have been selected in the F2 
generation of the heterosis manifesting hybrids. Negative selections were conducted 
in all the following generations on spatially isolated sectors to eliminate the plants 
differing in the genotype selected in F2. Some hybrid populations demonstrated 
heterosis effect in all the subsequent generations. Thus, the heterosis has become 
transmissible, fixed and constant from an instable form. The manifestation of the 
heterosis in F2-Fn presents a great interest. Unlike the unstable heterosis, which is 
expressed only in the F1 generation and loses its scope in the subsequent 
generations, the fixed, transmissible heterosis is consolidated in the genetic systems 
of the organism and becomes an evolution value (7). Hybrid populations used as a 
basis to develop the varieties of hybrid origin, registered up to the present in this 
country have been developed using some simple heterotic hybrids. Among them, 
early ripening Dacia-50 and middle ripening Dacia-43 are the most remarcable. 
Three line and double hybrids, in which the heterosis effect in F1 in 
comparison with the best parental form for inflorescence length makes up to +37%, 
while for essential oil production up to 93%, play an important role in the 
development of productive varieties of hybrid origin. The heterosis effect in some 
of these hybrids is even higher for the content of essential oil, reaching in some 
hybrid combinations +121%. The three lines and double hybrids fall into three 
groups, like simple hybrids, after the heterosis manifestation for the principle 
productivity indices in the F2-F5 generations: 
• the hybrids that maintain the heterosis in F2-F 5  in comparison with the both 
parental forms; thus, the heterosis becomes transmissible, constant from an 
unstable form; 
• the hybrids in which the heterosis effect grows in F2-F5 in comparison with 
the parental forms; 
• the hybrids, in which the heterosis effect in F2-F5 falls considerably or 
varies from negative indices in F2-F3 to positive indices in F4-F5 in 
comparison with one or both parental forms (1,2,4,). 
Backcross hybridizations have been conducted to develop male sterility lines, 
as well as hybrids with certain characters and qualities. The subsequent researches 
have shown that male sterility backcross hybrids, as well as fertile ones of Salvia 
sclarea L. manifest heterosis in B2-B3, as well, for a number of quantitative 
characters, including plant height and inflorescence length. The heterosis effect in 
relation to the paternal form regarding plant height has a value of +4.9 to +55%. In 
comparison with the witness variety, only one of the male sterility backcross 
hybrids evaluated registered heterosis effects with negative values, the heterosis 
effect making +2.8 to +29.3% in others (fertile and male sterility ones). All the 
backcross hybrids evaluated registered positive effect of heterosis for inflorescence 
length in comparison with the both parental forms. In some hybrids, the heterosis 
effect in comparison with the paternal form for the ramification number in 
inflorescence is higher (+52.5 – +100%) and allows their utilization in development 
of male sterility lines or fertile hybrids with a higher content and production of 
essential oil (3). 
Very complex, stepwise hybrids, possessing a number of valuable 
quantitative and qualitative characters have been developed along with backcross 
hybrids. For example, some of these hybrids start blossoming 6-7 days earlier than 
early ripening hybrids and cultivars, 12-14 days earlier than middle ripening 
cultivars and hybrids, and 20-22 days earlier than late ripening cultivars and 
hybrids. Such hybrids allow 7-10 day extension of sage harvesting period and 
processing of a higher quantity of raw material at the same industrial capacity. A 
very short vegetation period provides early ripening hybrids with a higher resistance 
to drought; they are less exposed to the negative action of strong winds and 
torrential rains that provoke destruction of oil glands and loss of essential oil. 
Stepwise hybrids, as well as backcross ones, are characterized by abundant 
flowering as early as in the first year of vegetation, height (130-150 cm), very long 
inflorescence (65.0-85.0 cm), compactness, a large number of ramifications, 
verticils and flowers. All these remaracable characters contribute to synthesis and 
accumulation of higher amounts of essential oil. Thus, the essential oil content in 
the first vegetation year makes between 0.999% and 1.213% (dry mat.), while in the 
second year these values are 1.028%-1.973% (5). 
All the investigations have been carried out to develop productive hybrids and 
cultivars. The employment of Salvia sclarea F hybrids is not effective; thus, the 
development of the different hybrid types, some of them very complex, has allowed 
us to obtain varieties of hybrid origin with a high producing capacity, superior 
quality of essential oil, with different ripening dates, resistant to wintering, drought, 
diseases. Some of them have been registered (figure 2), others are being tested to be 
registered. Concentration principal’s compounds in essential oil are high.  
  
                          Legenda: LA – linalil acetate, L – linalool, S - sclareol   
           Cultivars: 1- M-404 st., 2-Dacia-50, 3-Dacia-99, 4-Victor, 5-Natali-Clary 
Figure 2. Quality of essential oil Salvia sclarea L. cultivars 
 
So concentration of linalile acetate are 65-70 %, in some years are equal to 75-
76 % and sclareol, the compound from which depend perfumery valuation and 
property to fixed and fresh of other aromatic substance are equal to 6.0-12.0 % 
(figure 2). They are characterized by high inflorescence (up to 19-20 m.t/ha) and 
essential oil (34.7-48.4 kg/ha) productivity during two years of cultivation in the 
relation to the variety. In the third vegetation year, the highest inflorescence 
production was registered by the Victor variety (9.4 m. t/ha) (figure 3), this index 
making between 6.7 and 7.5 m.t/ha in other varieties. The essential oil production in 
the third year for the registered varieties ranges between 8.7 and 15.7 kg/ha. 
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Figure 3. Salvia sclarea L. cultivar Victor 
 
  The varieties of hybrid origin developed, including those registered, are 
perfect for processing through organic solvent extraction. One ton of inflorescences 
or wastes of essential oil manufacturing can provide for 7-8 to 8-10 kg of concrete 
in relation to the performance of extraction installation and in the case the 
processing technology is respected. The potential of sclareol concentration in the 
concrete is 68-70%.     
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